Objective: To evaluate the frequency and relevance of the "sentinel clot" sign on CT for patients with traumatic intraperitoneal bladder rupture in a retrospective study.
he bladder is located deep within the pelvis and is protected by the pelvic bones, which explains why major bladder injury is relatively uncommon in patients suffering blunt abdominal trauma (1) . Nevertheless, bladder rupture remains an important injury and delay in the diagnosis and treatment of a ruptured bladder may be associated with increased mortality (2) .
Accurate classification of the type of bladder injury is important due to differences in the clinical management of the injuries (2 4). Extraperitoneal rupture can be managed conservatively with catheter drainage alone, whereas intraperitoneal bladder rupture requires immediate surgical repair to the bladder tear, because of the risk of fatal peritonitis. Patients with suspected bladder injuries are usually evaluated with retrograde cystography. Instead of retrograde cystography, many investigators have attempted to diagnose bladder rupture with CT cystography that has been shown to be T as accurate as conventional cystography (2 6) .
Bladder rupture after blunt abdominal trauma frequently occurs in multi-trauma patients (1) . Because hemodynamically stable multi-trauma patients usually undergo abdominopelvic CT as part of their initial evaluation, it is useful to predict the presence of a possible intraperitoneal bladder rupture on CT scans. However, the use of abdominopelvic CT in the diagnosis of intraperitoneal bladder rupture has received little attention and a diagnosis of intraperitoneal bladder rupture is made according to the presence of contrast material extravasation from the bladder seen on the CT scans (7, 8) .
The sentinel clot sign describes a relatively highly attenuating and heterogeneous fluid (clot) that tends to accumulate near the site of injury (9) . We postulated the sentinel clot sign should be a specific CT finding for patients with traumatic intraperitoneal bladder rupture.
The purpose of this study is to evaluate the frequency and relevance of the sentinel clot sign on abdominopelvic CT for patients with traumatic intraperitoneal bladder rupture in a retrospective review.
MATERIALS AND METHODS

Patient Selection
Our institutional review board approved all aspects of this retrospective study and did not require informed consent from the patients whose medical records were included in our study.
From January 2002 to June 2005, 74 consecutive trauma patients with gross hematuria were examined with intravenous contrast-enhanced CT of the abdomen and pelvis, followed by retrograde cystography. Retrograde cystography was performed between 1 12 hours (mean time: 4 hours) after the CT examination. This patient population was comprised of 45 men and 29 women (age range, 12 84 years; mean age, 50.8 years). All of the subjects were blunt abdominal trauma patients with one of the following mechanisms of injury: motor vehicle collision (n = 36); blow to lower abdomen (n = 16); pedestrian struck by a moving vehicle (n = 14); and fall (n = 8).
CT Examinations
CT scanning was performed by using a helical scanner (HiSpeed Advantage: GE Medical Systems, Milwaukee, WI). Initially, an unenhanced CT scan was performed from the diaphragmatic dome to the symphysis pubis for the evaluation of the presence of an intraabdominal hematoma. Unenhanced CT images were obtained with 10-mm collimation, a pitch of 2, and 10-mm reconstruction interval. Contrast-enhanced CT then was performed after intravenous injection of 120 150 mL of 60% iodinated contrast material (Omnipaque 300, Nycomed Amersham, Princeton, NJ) with a power injector (LF CT 9000; LiebelFlarsheim, Cincinnati, OH) at a rate of 3 mL/sec through an antecubital vein. Scanning was performed 70 seconds after the initiation of the contrast material injection from the diaphragmatic dome to the symphysis pubis. Contrastenhanced CT images were obtained with 5-mm collimation, a pitch of 2, and 5-mm reconstruction interval. Multiplanar reformation images were obtained by using a software package (Advantage Workstation 4.0, GE Medical Systems).
Retrograde Cystography
Retrograde cystography was performed by the on-call urology resident and followed a standard protocol. Approximately 350 400 mL of water-soluble contrast material were instilled under gravity into the urinary bladder through a urethral catheter. Initially, anteroposterior and bilateral oblique views were obtained. The urinary bladder was then drained of all contrast material and an additional image on film was obtained.
Image Analysis
The CT images were reviewed on a picture archiving and communication system workstation without knowledge of the retrograde cystographic findings. Multiplanar reformation images were used as an adjunct to the axial source images. The CT images were evaluated with respect to the "sentinel clot" sign, pelvic fracture, associated injury to other abdominal viscera, and the presence and quantity of intraperitoneal free fluid in consensus by two experienced radiologists. The sentinel clot sign was considered to be present when clotted blood (greater than 50 HU) abutted on the bladder dome. The amount of intraperitoneal free fluid was categorized as small, moderate, or large, according to the criteria of Federle and Jeffrey (10) . Retrograde cystographic images were evaluated with respect to the presence and type of bladder injury in consensus by one experienced radiologist and one experienced urologist. Bladder injuries were classified into five types (bladder contusion, intraperitoneal rupture, interstitial bladder injury, extraperitoneal rupture, combined bladder injury), according to the criteria of Sandler et al. (11) . Diagnosis and classification of bladder injury were established by means of retrograde cystography and surgery (n = 25), retrograde cystography and cystoscopy (n = 2), and retrograde cystography and clinical and imaging follow-up (n = 47).
Statistical Analysis
Based on the CT findings, statistical differences between patients with intraperitoneal bladder rupture and patients without intraperitoneal bladder rupture were analyzed using the two-tailed 2 test. A p value of less than 0.05 was considered statistically significant. All statistical analyses were performed with the SPSS software package (version 10.0 for Windows; SPSS, Chicago, IL).
RESULTS
Of 74 patients, 36 patients had 36 bladder injuries: 20 injuries were intraperitoneal, 15 injuries were extraperitoneal, and one injury was interstitial. Table 1 summarizes the different CT findings for the patients with intraperitoneal rupture.
CT Findings Sentinel Clot Sign
The sentinel clot sign was found in 16 (80%) of the 20 patients with intraperitoneal rupture (Figs. 1, 2 ) and in four (7%) of the 54 patients without intraperitoneal rupture. Four false-positive cases were noted among the 38 patients who did not have bladder injury and were caused by Korean J Radiol 8(6), December 2007 C clotted blood from pelvic mesenteric injury (n = 2) and pelvic fracture (n = 2). In 20 patients with the CT depicted sentinel clot sign, the mean attenuation level of clotted blood was 59 HU, ranging from 52 to 68 HU. The sentinel clot sign was more frequently found in patients that were identified with intraperitoneal rupture (p < 0.001).
Pelvic Fractures
Five (25%) of the 20 patients with intraperitoneal rupture had one or more pelvic fractures, whereas 39 (72%) of the 54 patients without intraperitoneal rupture had one or more pelvic fractures. Pelvic fractures were more frequently found in patients without intraperitoneal rupture (p < 0.001). Eleven (73%) of the 15 patients with extraperitoneal rupture had one or more pelvic fractures. Twenty-eight (74%) of the 38 patients without bladder injury had one or more pelvic fractures. One patient with interstitial injury had no pelvic fractures.
Associated Injury
An associated injury to other abdominal viscera was found in four (20%) of the 20 patients with intraperitoneal rupture. The sites of associated injury were as follows; liver (n = 2), bowel and mesentery (n = 2), and spleen (n = 1). In 16 patients with intraperitoneal rupture and a positive sentinel clot sign, no concomitant injury of structures adjacent to the bladder was found. In 54 patients without intraperitoneal rupture, an associated injury was found in 10 (18%) patients. The sites of associated injury were as follows; liver (n = 3); bowel and mesentery (n = 4), kidney (n = 3), spleen (n = 4), and pancreas (n = 1). In regards to an associated injury to other abdominal viscera, there was no significant difference between patients with intraperitoneal rupture and patients without intraperitoneal rupture (p = 0.885). C the 20 patients with intraperitoneal rupture. In 54 patients without intraperitoneal rupture, the quantity of intraperitoneal free fluid was categorized as none in 35 (64%), small in seven (13%), moderate in three (5%), and large in nine (16%) patients (Table 2 ). Intraperitoneal free fluid was more frequently found in patients with intraperitoneal rupture (p < 0.001) and these patients were more likely to have a large amount of intraperitoneal free fluid (p < 0.001).
Intraperitoneal Free Fluid
DISCUSSION
Intraperitoneal bladder rupture constitutes about 10 40% of all bladder ruptures (12, 13) . Intraperitoneal bladder rupture frequently occurs at the anatomically vulnerable bladder dome, the weakest and most mobile part of the bladder (13) . It is more common with a full bladder and blunt abdominal trauma. A sudden rise in intravesicular pressure secondary to a blow to the pelvis or lower abdomen causes intraperitoneal rupture of the bladder dome (2) .
The bladder is a highly vascular organ and its rupture is usually associated with gross hematuria (1). In addition, the majority of intraperitoneal bladder rupture consists of large lacerations of the bursting type in the bladder dome (7). Thus, high attenuating blood clots can be found around the bladder dome. Clotted blood, which has a mean attenuation of 50 HU, has a higher attenuation coefficient than a lysed blood clot or free-flowing blood because of the greater hemoglobin content (9, 10) . In our study, the attenuation of clotted blood on CT images ranged from 52 to 68 HU, which allowed a clear separation between clotted blood and surrounding fluid. Orwig and Federle (9) have reported that the sentinel clot sign was a valuable adjunct in CT of abdominal trauma, being both sensitive and specific in identifying the injured organ. The results of our study show that the presence of a sentinel clot abutting on the bladder dome is helpful in predicting intraperitoneal bladder rupture for blunt abdominal trauma victims.
In this study there were four false-positive cases and four false-negative cases. The four false-positive findings were caused by clotted blood from sites other than the bladder. One limitation of CT in detecting the sentinel clot sign is that any clotted blood from various injured organs, which abut on the bladder dome, could be interpreted as arising from the ruptured bladder. Although a reason why the sentinel clot sign was not seen in the four patients with intraperitoneal bladder rupture is not apparent, in our opinion a small amount of bleeding at the time of impact and a delay in performing the CT examination after blunt trauma seem to be the related factors. Pelvic fracture is a common associated injury in patients with bladder rupture. However, only 9% to 16% of patients sustaining pelvic fractures have bladder injuries, and these are predominantly extraperitoneal (14) . In our study, 15 (75%) of 20 patients with intraperitoneal rupture had no pelvic fracture. It is important to remember that the absence of a pelvic fracture does not exclude bladder rupture, especially an intraperitoneal rupture (15) .
It has been reported that the presence of intraperitoneal free fluid without evidence of solid organ injury may indicate injury to the bowel or mesentery (16 18) . However, unexplained free fluid does not always mean the presence of bowel or mesenteric injury in patients sustaining blunt abdominal trauma. According to a study by Cunningham et al. (18) , intraperitoneal bladder rupture constituted the third most common cause following bowel or mesentery injury in patients with unexplained free fluid after blunt abdominal trauma. In our study, 16 (80%) of the 20 patients with intraperitoneal bladder rupture had intraperitoneal free fluid without an associated solid organ injury or bowel and mesentery injury. Thus, intraperitoneal bladder rupture in patients sustaining blunt abdominal trauma seems to be strongly associated with the presence of intraperitoneal free fluid.
This study has several limitations. First, this was a retrospective study and might have a selection bias. We did not include patients who underwent a CT examination after retrograde cystography because the blood clot could be replaced or could be masked by the leaked contrast material. Second, there was no uniform surgical proof of the findings because most of patients with extraperitoneal bladder rupture were not subjected to surgery. Finally, we did not compare contrast material extravasation from the bladder with the presence of the sentinel clot sign as a diagnostic criterion for intraperitoneal bladder rupture as delayed contrast-enhanced CT scans were not obtained.
In conclusion, the sentinel clot sign abutting on the bladder dome resulted in a high likelihood of intraperitoneal bladder rupture. The sentinel clot sign may improve the accuracy of CT performed before cystography in Shin et al.
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Korean J Radiol 8(6), December 2007 Note. * According to Federle and Jeffrey (10) diagnosing traumatic intraperitoneal bladder rupture, especially when the patients present with gross hematuria.
